Supporting materials and methods

SMM 1: tRNA-codon binding interactions
The binding interaction is defined as cognate Watson-Crick (WC) if the three nucleotides of the codon match the three nucleotides of the tRNA anticodon, whereas it is defined as cognate wobble (WB) when the first two nucleotides of the codon match the last two nucleotides of the tRNA anticodon and the third nucleotide of the codon forms a wobble base pair with the first nucleotide of the tRNA anticodon. A near-cognate binding interaction is defined by a nucleotide mismatch in one of the three base pairs, whereas a non-cognate binding interaction is defined by either a nucleotide mismatch in two of the three base pairs or in all three base pairs. Note that in our definition of near-and non-cognate binding interactions we take into account the possible wobble interactions, i.e., if a wobble interaction is present on the third base pair, the binding is defined as near-cognate (nc) when there is a mismatch on the first or second base pair, and it is non-cognate (non) when there are mismatches of both the first and second base pairs. This definition is in agreement with the work of Rodnina and colleagues from where we assembled the kinetic rate constants for the ribosome elongation steps.
SMM 2: Cell composition in ribosomes and tRNA molecules
We estimated the total number of tRNA molecules per cell (!"#$ ! ) for the growth rates 0.7, 1.07, and 1.6 h -1 from the fit of the total number of tRNA molecules per cell in function of other growth rates (0.6, 1.0, 1.5, 2, 2.5 h -1 ) that were reported in (1) for an exponentially growing E. coli cell. For the growth rate 0.4 h -1 this fitting step was not necessary since the number of molecules for all the tRNA species was directly reported in (2) at this growth rate, along with their concentrations. The same fitting procedure and source of data mentioned above was used to estimate the total number of ribosomes per cell (! ! ) for all the four growth rates of interest (0.4, 0.7, 1.07, and 1.6 h -1 ). Fittings can be found in Fig. S1 . The concentrations for all tRNA species in E. coli at these growth rates were obtained from the experiments reported in (2). The tRNA isoacceptors Gly1-Gly2 and Ile1-Ile2 were treated collectively in (2) and we proceeded to split their values according to the ratio of their gene copy number, which are Gly1:Gly2=1:1 and Ile1:Ile2=3:1 (3). The cell volume (! !"## ) was then computed for each growth rate using
where tRNA T ⎡ ⎣ ⎤ ⎦ is the total concentration of tRNA molecules at the given growth rate and ! ! is the Avogadro constant. With the estimated cell volumes and the concentrations of each tRNA species, we calculated the number of molecules for each tRNA species at each growth rate. The !"#$ ! and ! ! values obtained from the fittings and the computed ! V cell at each growth rate are summarized in Table   S4 .
SMM 3: mRNA sequences present in the simulated cell
Similarly to what was done for tRNA T and R T , we estimated the mRNA synthesis rate per cell for the growth rates (0.7, 1.07, and 1.6 h -1 ) from the fitting of the mRNA synthesis rate in function of growth rate reported in (1) for an exponentially growing E. coli cell (see Fig. S2 for fitting and Table S4 for the values). The average number of mRNA copies per E. coli ( ! M T ) was computed for each growth rate of interest (0.4, 0.7, 1.07, and 1.6 h -1 ) with the following expression
where ! υ mRNA is the rate of mRNA synthesis per cell, ! τ mRNA is the average functional life of mRNA, and ! nt mRNA is the average number of nucleotides for the mRNA sequences in E. coli. The average functional life of mRNA is assumed both in (1) and here to be 1 min and independent of growth rate, as estimated from pulse-labeling experiments in (4). A value of 317 codons was obtained for the average mRNA length for E. coli ( ! Ldatabase ) with a standard deviation of 213 codons. This computation was based on averaging the length of the protein coding regions from all the mRNA species in EcoGene 3.0 database for the strain E. coli K12 (5).
Since we lack data on the mRNA sequences and respective copy numbers expressed at each of the growth rates under study, we constructed the mRNA pools of the cell at each condition by formulating a homogeneity criterion based on the fact that E. coli expresses mRNA in low copy number (6). This criterion assumes that the mRNA pools are qualitatively similar across the four growth rates and enforces them to approximate both the average mRNA length and the codon usage frequency (CU) of E. coli. In Table S5 there is a comparison between the mRNA expression in E. coli at low (7) and high (8) growth rates. The statistics over the mRNA copy number distributions at both conditions show that most mRNAs are expressed in very small amounts with not so frequent occurrences of bursts in mRNA expression levels. Furthermore, the average codon length of the mRNA sequences expressed at each condition is similar to the average mRNA length representing the whole E. coli genome and the average of the relative deviations between mCU and CU for each codon species is 15% and 23%, respectively, for low and high growth conditions. We obtained ! nt mRNA by multiplying ! Ldatabase by 3
(number of nucleotides in each codon), which was then assumed to be constant across growth rates (see Table S4 for values).
In order to obtain a homogenous mRNA pool for each growth rate, we started by selecting a subset of mRNA species from EcoGene 3.0 database. In this subset, 52% of the sequences were classified as essential genes. The total number of mRNA species present in this subset (289 species) was chosen to match the ! ! at growth rate 0.4h -1 such that it contains exactly 1 copy for each mRNA species at this growth rate. The selection criteria for the choice of this subset of mRNA species was based on 1. Reaching a relative deviation smaller than 0.5% between the average mRNA length of the subset and ! Ldatabase , 2. And at the same time enforcing the relative deviation between CU and mCU for each codon to present an average and standard deviation across all codons both smaller than 10%. We chose to control both the average and the standard deviation for the second criterion so that we obtained a more homogeneous set of deviations between CU and mCU for each codon in the attempt to keep the mCU values close to E. coli CU. In order to set the mRNA pool for the remaining three growth rates, we performed an iterative process for each growth rate focusing on the two selection criteria presented above. The number and type of mRNA species chosen for the growth rate 0.4h -1 was maintained for the remaining three growth rates, but their copy numbers were increased to match the target number of mRNA molecules for each of these growth rates as presented in Table S4 . The pools were at first increased homogeneously, i.e., each mRNA species was increased by the same amount of copies until the total number became as close as possible to the target ! ! . Subsequently, a group of different mRNA species that matched the number of mRNA copies missing to reach the target ! ! was randomly selected to have its copy number increased. This random selection was repeated for each growth rate until criteria 1 and 2 from above were fulfilled, allowing us to construct mRNA pools that are qualitatively similar across the four growth rates and with a mCU that approximates the E. coli CU (Fig. S3) . 
where
For a system at steady state, the effective codon elongation rate constant can be written as
Solving the mass balance equations at steady state all states can be re-written in function of state 9 and ! !"" can thus be expressed in the final form
The terms in the expression are defined below.
Cognate WC term:
Initial selection term:
Competition term:
WB-incorporation term (cognate WB proofreading):
Mis-incorporation term (near-cognate proofreading):
Other terms:
SMM 5: Calibration of the translation system to match literature parameters Although genome-wide ribosome profiling data for E. coli has recently started to appear in the literature (8, 10, 11) that could be used to derive initiation rate constants (! ! ) for each mRNA sequence being expressed, these data sets do not exist for all the growth rates in this study along with its respective mRNA sequencing data. We have thus randomly attributed a ! ! to the different mRNA species and subsequently multiplied them by a calibrating constant that differed across the different growth rates in order to reach 80% of ribosome activity (ribosomes that are being used for translation events) in each simulated pool as estimated in (1). Note that the use of this calibration constant leads to a difference in the initiation rate constants of the mRNA species across the four growth rates, which can be taken as the result of changes in the amount of initiation factors for example, however, if the translation initiation efficiency of an mRNA species is higher than another, it will remain so for all the growth rates as the initiation rate constants of each mRNA species were not changed individually. We remark that the calibration of the initiation rates to match the 80% level of ribosomes active in translation will always lead to a steady state with the same number of free ribosomes for each condition (if total ribosome amounts are fixed), which is! independent! of! the! individual! ribosome! profiles! of! each!sequence!and!thus!independent of the species of mRNA sequences present in the pool and their relative levels.!High values for the termination rate constants (! ! ) for all mRNA species were chosen in order not to limit the synthesis rate, as computational and experimental studies have shown for different organisms that translation of most mRNAs are initiation or elongation limited given experimental measurements of their polysome sizes (i.e. the number of ribosomes simultaneously translating an mRNA) (12, 13).
SMM 6: Heterologous expression of different Luciferase transcripts
We simulated the heterologous translation of seven synonymous Firefly Luciferase transcripts (one of them a wild type sequence) in an E. coli cell with growth rate 1.07 h -1 . Simulations were performed individually for each transcript and only one copy of the transcript was added to the pool of mRNA copies in a cell at 1.07h -1 . For each transcript we fixed the termination rate constant (! ! ) to a high value and the initiation rate constant (! ! ) to the average ! ! from all mRNA species used. We used six criteria for the design of the mRNA sequences based on synonymous codon substitution that yield the same Luciferase amino acid sequence:
− 
!"# based: we replaced the codons in the Wild Type sequence with existing synonymous ones that had the highest codon elongation rate as computed using eq. 8. A variation of this transcript was constructed where the first 20 codons were maintained equal to the WT (! !"" !",!"# based).
The first three criteria are the same as proposed in (14) and we used the synonymous mRNA sequences and Wild Type Luciferase reported therein (see Table S5 for the list of transcripts and complete sequences used). We simulated 4000 times the heterologous translation of each transcript in an E. coli cell at 1.07h -1 .
SMM 7: Analysis methods for the stochastic system and some parameter definitions We simulated the simultaneous translation of different mRNA species from E. coli at different growth rate conditions (0.4, 0.7, 1.07, and 1.6 h -1 ) using the stochastic framework and parameters described above. The data to characterize the translation system was extracted from the simulations during a time interval for which the system was at steady state (see example for 1.07 h -1 in Fig. S4 and S5). The system was assumed to be at steady state when convergence over the simulation time was reached for: the protein synthesis rate (! ! (! !"# )) from all mRNA species, the number of free ribosomes (
and the number of free tRNA molecules (!"#$ ! ! (! !!! )) of each species !. All simulation results were averaged over 100 repetitions of the same condition.
The protein synthesis rate at steady state (! ! ! ) was obtained by performing a time-average of the number of proteins produced from the total amount of an mRNA species ! over the steady state time interval defined above. Dividing ! ! ! by !" !"#$ ! (i.e., number of copies of an mRNA species ! in the cell) we obtained the specific protein synthesis rate at steady state (! ! ! ) for each mRNA species !, which corresponds to the protein synthesis rate per mRNA copies of mRNA species k.
The elongation rate at steady state (! ! ! ), which is the average codon elongation rate of an mRNA species ! per ribosome translating it, was computed with the following expression:
where, ! ! is the polysome size of mRNA species ! and
is the length of the mRNA species ! given by the number of codons between its start and stop codons.
The ribosomal density (!) is a measure of the fractional ribosome occupancy along an mRNA strand, expressed between 0 and 1. We defined it as in (9) with the following expression
where ! ! is the length of the 70S ribosome complex in terms of number of mRNA codons it occupies, which is assumed to be about 12 codons (15-17). We compute ! ! for each mRNA species ! as the time-average of its ribosomal density over the steady state time interval defined above.
The mean distance between ribosomes (! ! ) is the average number of nucleotides that lay in-between the back and the head of consecutive ribosomes, assuming that the ribosomes are equally spaced along each mRNA sequence at steady state. We computed it with the following expression
where the multiplying factor 3 converts number of codons into number of nucleotides.
The steady state ! ! and !"#$ ! ! for each species ! were obtained by performing a time-average over the steady state time interval. We defined the tRNA activity as the steady state percentage of the total number of molecules of each tRNA species that is active in translation events and consequently not available for translation, which is given by the following expression
where the number of active tRNA molecules at steady state is given by
Translation time profiles inform about the time a ribosome spends translating each codon along an mRNA sequence. The time at which a ribosome starts translating each codon was recorded during the steady state interval defined above for each ribosome that translated an mRNA copy in our simulated cell. These were subsequently averaged to generate a translation time profile for each mRNA species separately. The translation time profiles of each mRNA species in the system were broken down and the time intervals for the translation of each codon are grouped by codon species. The codon elongation rate obtained from our stochastic simulations (! !"#$! ! ) of each codon species ! was then computed by averaging all the times spent by a ribosome to translate codon ! and finding its reciprocal.
We performed in-silico pulse-chase during translation of each of the seven transcripts by postprocessing the translation time profiles (see SMM 7 for translation time profiles) of each of the seven Luciferase synonymous transcripts. The principle of in-silico pulse-chase is very similar to the experimental pulse-chase analysis. Using the translation time profiles, we counted, at each time point that a ribosome finished translating the complete mRNA sequence, the number of methionine amino acids that were incorporated in each complete Luciferase protein and whose methionine codons were translated during a fixed "labeling time", which in the experiments corresponds to the time for which the system has labeled methionine. The ribosome kinetics used in our system was measured in vitro at 20-25°C, whereas in vivo experiments take place at 37°C. Since the elongation rate depends on the temperature (1), it is necessary to calibrate our "labeling time" with respect to the typical experimental labeling time of 10s (18) . During this 10s, approximately 100 codons are translated by a ribosome on a transcript presenting an elongation rate of 10 aa/s (value estimated in (14) for the translation of Wild Type Luciferase in an E. coli cell). In order for a ribosome in our system to translate 100 codons it was required a "labeling time" of 232s. The methionine level was normalized by the ratio between the number of methionines present in the protein sequence (14 in total) and the maximum level of methionine observed in the experiment. For comparison between the in-silico pulse-chase and the experiments, the time axis was multiplied by a factor of 23s representing the ratio between the time that takes for the translation of 100 codons of WT Luciferase in our simulation and in the experiments.
SMM 9: Time lags of ribosome occupancy by the tRNAs
During the steady state interval defined above we tracked the tRNA molecules bound to each ribosome translating a particular mRNA sequence between the following kinetic states (see Fig. 1 of the main text):
• From state 2 until A-site tRNA release at state 1 after initial binding (A-site OFF),
• From state 2 until A-site tRNA release at state 1 during proofreading following state 5 (A-site PROOF), • From state 2 until P-site tRNA accommodation at state 10 (P-site ON), which corresponds to the time that it takes for a tRNA to complete a translation cycle of a codon, leaving the A-site free for the next codon to be translated.
• From state 2 until E-site tRNA release at state 1 following state 11 (E-site OFF), which corresponds to the passage of a tRNA from initial A-site binding, to the P-site after translocation, A-site binding of another tRNA species, translocation of the following codon and the newly bound tRNA species to P-site and consequent transfer of the previous tRNA and decoded codon to the E-site from where it is finally released. Note that during E-site OFF two P-site ON events have occurred for two consecutive codons. The ribosome occupancy time lag (Δ! !,! !",!" ) represents the time duration for a tRNA species ! to reach one of the four decoding stages (!") when bound to a ribosome on codon species !, with which it forms a specific base-pair binding interaction (!") from the four possible ones (WC, WB, nc, non). The decoding stages are A-site OFF, A-site PROOF, P-site ON and E-site OFF as indicated in Fig 
is the total number of events per decoding stage and binding interaction.
We estimated the average time of codon translation per incorporated amino acid and binding interaction
) by dividing the total decoding time per binding interaction by the number of amino acids that were successfully incorporated in the protein sequence during multiple translations, which is represented by the total number of E-site OFF (or equivalently P-site ON) events
SUPPORTING FIGURES
Figure S1: The total number of ribosomes per cell (R T ) (squares) and the total number of tRNA molecules per cell (tRNA T ) (circles) were obtained from (1) for the growth rates 0.6, 1.0, 1.5, 2.0, and 2.5 h -1 . The respective values for the growth rates 0.4, 0.7, 1.07, and 1.6 h -1 for which we know the concentrations of each tRNA species (2) were estimated from a 2 nd order polynomial fitting of the data (stars and dashed lines). The !"#$ ! for 0.4 h -1 was not estimated as the number of molecules per tRNA species was determined in (2). AAG  AAU  ACA  ACC  ACG  ACU  AGA  AGC  AGG  AGU  AUA  AUC  AUG  AUU  CAA  CAC  CAG  CAU  CCA  CCC  CCG  CCU  CGA  CGC  CGG  CGU  CUA  CUC  CUG  CUU  GAA  GAC  GAG  GAU  GCA  GCC  GCG  GCU  GGA  GGC  GGG  GGU  GUA  GUC  GUG  GUU  UAC  UAU  UCA  UCC  UCG  UCU  UGC  UGG  UGU  UUA  UUC Figure S5: Time evolution of the number of free tRNA molecules of each species for an E. coli cell simulation at a growth rate of 1.07 h -1 after averaging over 50 repetitions. At simulation time 0s the number of free tRNA molecules of each species is equivalent to the total number of tRNA molecules of each species in the cell. The 'x' represents the number of total ribosomes, which remains constant throughout the simulation. Error bars not included for clarity. Ribosomal density in function of translation initiation rate constant for WT, ! !"" !"# based and ! !""
There is no increase in protein synthesis of ! !"" !",!"# based with respect to the WT when compared to ! !"" !"# based as less ribosome bind to ! !"" !",!"# based (see c-d at ! ! fold change 1). The increase of the transcript translation initiation rate constant (! ! ) has the potential to increase protein synthesis until the sequence is fully saturated with ribosomes, whereas elongation rate decreases to a minimum value as a result of the high number of interactions between queuing ribosomes. Even though a transcript is optimized for elongation, we note that the translation initiation rate, which is dictated by the beginning of the transcript's coding region and the steady state ! ! of the host cell, has a major impact on the gain in protein production with respect to the WT in its rate limiting regime. (19) for in vivo conditions. Each rate constant of the WB kinetics (only available at 20°C) was scaled by the kinetics of the nc pathway for these two conditions by maintaining the ratios between WB and nc kinetics at 20°C. The values for translocation kinetics were maintained at 25°C, as we have no information for their changes, which increased their sensitivity compared to 20ºC. However, as these values are expected to increase with temperature (19) to match the observed elongation rates, this limitative effect on elongation rate will also decrease. Parameters * become more influential at 37ºC than at 20-25ºC and in vivo because the net rate constants of the near-cognate pathway until GTP hydrolysis are higher at 37ºC. In the overall tRNA competition becomes less important that the cognate binding type for conditions closer to in vivo. (c) Statistics on mean ribosome occupancy time lags and total number of events per decoding stage and binding type for the simulations with ribosome kinetic parameters deduced in (19) for in vivo conditions. The mRNA species used for the estimations was the WT Luciferase. For each plot the order of the codon identities is the one indicated below. Codons highlighted in orange are stop codons and statistics are not computed for these. The codon highlighted in red is not present in the WT Luciferase sequence. Time lags are very homogeneous among codons as they depend only on the intrinsic ribosome kinetics, which is the same for all codons. Only for the decoding stages that include ribosome translocation (Psite ON and E-site OFF) the time lags become more heterogeneous as they become dependent on the blocking from downstream ribosomes. Figure S14: Interaction-based mRNA codon usage frequency (IBmCU) displayed for each tRNA species. The x-axis is arranged in increasing order of the tRNA activity observed in Fig. 5 of main text. mCU is grouped into five interaction-based mRNA codon usage frequency groups for each tRNA species
, !"#$% !"#$ ! !"! ) (Eq. 1 main text). Figure S16 : Relative deviation of average elongation rate from all mRNA species in the cell at 1.07h -1 upon (a) 50% and (b) 20% increase or decrease of each tRNA abundance. Worthy to mention, with respect to the results obtained for changes of 50%, is the reassignment of Ala1B and Val1 to group (ii) and Asp1 and Leu2 to group (i), whereas for the 50% change case they all belonged to group (iii). Although the effect on Ala1B and Val1 surplus remains the same, starvation of only 20% of these tRNAs is still not sufficient to cause a negative impact on their cognate codons. For Asp1 and Leu2 surplus of 20% is still not sufficient to negatively affect the elongation rates by means of increasing competition on their near-and non-cognate codons. Cys  Gln1  Gln2  Glu2  Gly1  Gly2  Gly3  His  Ile1  Ile2  Leu1  Leu2  Leu3  Leu4  Leu5  Lys  Met  Phe  Pro1  Pro2  Pro3  Ser1  Ser2  Ser3  Ser5  Thr1  Thr2  Thr3  Thr4  Trp  Tyr1  Tyr2  Val1 Val2A Val2B Gln1  Gln2  Glu2  Gly1  Gly2  Gly3  His  Ile1  Ile2  Leu1  Leu2  Leu3  Leu4  Leu5  Lys  Met  Phe  Pro1  Pro2  Pro3  Ser1  Ser2  Ser3  Ser5  Thr1  Thr2  Thr3  Thr4  Trp  Tyr1  Tyr2  Val1 Gln1  Gln2  Glu2  Gly1  Gly2  Gly3  His  Ile1  Ile2  Leu1  Leu2  Leu3  Leu4  Leu5  Lys  Met  Phe  Pro1  Pro2  Pro3  Ser1  Ser2  Ser3  Ser5  Thr1  Thr2  Thr3  Thr4  Trp  Tyr1  Tyr2  Val1 Cys  Gln1  Gln2  Glu2  Gly1  Gly2  Gly3  His  Ile1  Ile2  Leu1  Leu2  Leu3  Leu4  Leu5  Lys  Met  Phe  Pro1  Pro2  Pro3  Ser1  Ser2  Ser3  Ser5  Thr1  Thr2  Thr3  Thr4  Trp  Tyr1  Tyr2  Val1 Val2A Val2B Cys  Gln1  Gln2  Glu2  Gly1  Gly2  Gly3  His  Ile1  Ile2  Leu1  Leu2  Leu3  Leu4  Leu5  Lys  Met  Phe  Pro1  Pro2  Pro3  Ser1  Ser2  Ser3  Ser5  Thr1  Thr2  Thr3  Thr4  Trp  Tyr1  Tyr2  Val1 Val2A Val2B ! 25! Figure S17 : Relative deviation of average codon elongation rate (computed with ! !"" ) from all codons that are cognate WC, cognate WB, near-cognate and non-cognate to the tRNA species whose concentration is changed by ±50%. Red, orange and green text colors differentiate between tRNA species that belong to regimes (i), (ii), and (iii), respectively. (i) tRNA species whose surplus or starvation contribute to the biggest increase or decrease, respectively, of the average codon elongation rate of their cognate codons. These tRNAs are among the ones whose cognate (specially WB type) codons have very slow codon elongation rates and appear frequently in the mRNA sequences (Fig.  S18). (ii) tRNAs whose starvation or surplus contribute to a increase or decrease, respectively, of the average codon elongation rate of their near-and non-cognate codons. These tRNAs are among the species in the cell that are present in higher abundances (Fig. S12 ) and, as a consequence, have the highest cognate codon elongation rates. The surplus of these tRNAs acts on the system by decreasing the mean elongation rate due to the prominent tRNA competition they provide to their near-and noncognate codons. Under starvation the effect is the inverse since the level of competition is decreased on the near-and non-cognate codons. These tRNAs are so abundant that even when their number is decreased their cognate codons do not limit translation. Leu4 is an exception in this group and its qualification results from the fact that it belongs to the top 10 tRNAs species with highest combined !"#$% !"#! !" + !"#$% !"#! !"! and from these 10 it is the one with the highest free tRNA abundance, such that its surplus or starvation is able to moderately affect the system. (iii) tRNA that have an effect similar to (ii) under surplus due to the increase in competition resulting from their high abundances (but less than (ii)) or high !"#$% !"#$ ! !" Figure S18 : For each tRNA species in the cell, the ! !"" values of all its cognate codons (WC and/or WB) are divided by their correspondent mCU quantities and averaged together. The reported quantity is obtained for each tRNA species and plotted against its corresponding free amount in the cell. Redlabeled tRNA species belong to regime (i) and the green-labeled ones belong to regime (ii). (20) at 20°C. † Initial binding rate constants are independent of the tRNA-mRNA interaction as it occurs externally to the decoding center (21) . ‡ Kinetic rate constants for the cognate WB interaction obtained from (22) at 20°C. ¶ Assumed to be the same as for the cognate WC counterpart due to lack of measurements. § Kinetic rate constants for the tRNA-mRNA translocation obtained from (23) at 37°C. || Kinetic rate constants for the tRNA-mRNA translocation obtained from (24) at 25°C ** We use the value of 30 µM for the concentration of EF-G as used in previous works (9). Comparison between mRNA sequencing data from E. coli at low and high growth rates obtained from (7, 8). The mRNA species expressed at each growth rate were separated into two groups: (i) commonly expressed mRNA species and (ii) uniquely expressed mRNA species. Statistics from the mRNA copy number distributions at each growth rate condition and per group are shown. We also compare the mRNA codon usage frequency (mCU) at each growth rate with the CU from E. coli K12, as well as the respective average mRNA lengths. The copy number levels at high growth rate were normalized by the estimated amount of total mRNA copies for the respective growth rate, computed from data in (1). The copy number levels from the data at low growth rate had been calibrated by the single cell measurements performed in the same paper and normalization with respect to the total number of mRNA copies in the cell was not necessary. In order to compute mCU for each growth rate we have rounded up the mRNA copy levels to the nearest integer such that values smaller than 0.5 would be represented by one copy. For the analysis we excluded the mRNAs that had zero expression levels. 
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